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This chapter was adapted from Anderson RR. Laser tissue interactions. Jn: Gold- 
man MP, Fitzpatrick RE, eds. Cutaneous laser surgery. 1994. St. Louis: Mosby- 
Year Book, 1994. 
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injury occurs. The relatively low power continuous-wave lasers such 
as the C0 2 and argon-ion laser and the quasi-continuous-wave 
(rapid-pulsed) lasers such as the copper vapor and KTP lasers usu- 
ally cause a well-con trolled, superficial, partial- thickness burn. In 
contrast, pulsed yellow-dye lasers designed for selective photother- 
. rnolysis of microvascular lesions selectively coagulate microvessels. 
f. S Selective photothermolysis is a term coined by Dr. Parrish and myself 0 
/ over 14 years ago to describe the sequence of light-heat-ruin that oc- 
/ curs at microscopic sites, such as blood vessels, pigmented cells, and 
/ tattoo ink particles, which selectively absorb light pulses. Selective 
/ photothermolysis is qualitatively different from gross thermal injury 
and is like a "magic bullet" in its ability to target certain structures. 
Short pulses are necessary to deposit energy in the targets before 
they can cool off, thus achieving extreme, localized heating of the 
targets. Thermal coagulation or thermally mediated mechanical dam- 
age, or both, are involved, depending on the rate of energy deposi- 
tion in the targets. This technique led to the development of a new 
generation of derma tologic lasers that cause much less scarring, and 
these are discussed in detail here. 

Mechanical injury, sometimes misnamed "photoacoustic injury," oc- 
curs as the result of the rapid heating produced by high-energy, 
short-pulse lasers. The rate of local heating can be so severe that 
structures are torn apart by shock ivaves (a highly destructive super- 
sonic pressure wave), cavitation (the sudden expansion and collapse 
of a steam bubble), or rapid thermal expansion. Terms such as fracture, 
rupture, or explosion are appropriately used in reference to these pro- 
cesses, even though they occur on a microscopic scale. Mechanical 
damage plays a central, positive role in the tattoo removal achieved by 
selective photothermolysis using high-energy, submicrosecond lasers. 
However, mechanical damage can also be an unwanted side effect, 
such as in the form of the bleeding caused by pulsed yellow-dye 
lasers and the ejection of tissue fragments caused by high-energy, 
Q-switched laser pulses. 



\ 



Thermal Injury to Cells 

Most human cells can withstand prolonged exposure to a tempera- 
ture of 40°C. At 45°C, cultured human fibroblasts have been observed 
to be destroyed after about 20 minutes of exposure. However, the 
same cells can withstand a temperature of more than 100°C if ex- 
posed to it for only 1 0~ 3 seconds. 11 Thus, it is not the temperature per 
se but a combination of the local temperature and the heating time 
that determines whether cells in the skin are injured. This is presum- 
ably because thermal denaturation is a rate-dependent process, as de- 
scribed earlier. This behavior has an important bearing on the cell 
injury that occurs in the setting of selective photothermolysis, during 
which extreme temperatures are present in target sites, such as mi- 
crovessels, for a very short duration. Essentially nothing is known 
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Light deposits energy only at sites of absorption. Heat is created at 
wavelengths that penetrate into skin and are preferentially absorbed 
by chromophoric structures, such as blood vessels or melanin-con- 
taining cells. As soon as the heat is created, however, it begins to dissi- 
pate as the result of conduction and radiative transfer. Thus, the 
competition between active heating and passive cooling determines 
how hot the targets become. The most selective target heating is 
achieved when the energy is deposited at Faster than the rate of cool- 
ing of the target structures. 

Three basic elements are necessary to achieve selective photother- 
molysis: (1) a wavelength that reaches and is preferentially absorbed 
by the desired target structures, (2) an exposure duration less than or 
equal to the time necessary for cooling of the target structures, and 
(3) sufficient fluence to produce a damaging temperature in the tar- 
get structures. When these criteria are met, exquisitely selective in- 
jury occurs in thousands of microscopic targets, without the need to 
aim the laser at each one. The effect is equivalent to the legendary 
magic bullets that seek out only the desired target. Selective pho- 
tothermolysis makes use of a variety of thermally mediated damage 
mechanisms, including thermal denaturation, mechanical damage 
resulting from rapid thermal expansion or phase changes (cavita- 
tion), and pyrolysis (changes in the primary chemical structure). 

A useful construct is the thermal relaxation time, mentioned earlier. 
When the laser exposure duration is less than the thermal relaxation 
time, maximal thermal confinement occurs because the target cannot 
then get rid of its heat during the laser exposure. Many processes are 
involved in cooling, including convection, radiation, and conduction. 
Of these, thermal conduction is the one that dominates the cooling of 
microscopic structures in skin. However, microscale radiation al cool- 
ing in tissue has never been thoroughly examined and in theory may 
be of importance for very small targets at high temperatures, such as 
tattoo ink particles or melanin granules. 

It is common experience that smaller objects cool more quickly 
than larger objects. For example, a cup of tea cools faster than a hot 
bath, even though both involve hot water in a porcelain container. 
More precisely, the thermal relaxation time for heat conduction is 
proportional to the square of size (see Eq. 2). That is, for any given 
material and shape, an object half the size will cool in one fourth 
the time and an object one tenth the size will cool in one hundredth 
the time. This behavior is important in optimizing the pulse dur- 
ation or the exposure duration for the selecdve photothermolysis 
of blood vessels. Blood vessels vary in size, from capillaries, which 
have thermal relaxation times of tens of microseconds, to venules 
and arterioles, which have thermal relaxation times bf hundreds of 
microseconds, to the large venules of adult PWSs, which have ther- 
mal relaxation times of tens to hundreds of milliseconds. This 
means that there are vessels in a typical adult PWS with thermal re- 
laxation times ranging over three orders of magnitude, and thus it 
is ludicrous to attempt to define "the" thermal relaxation time for 
vessels. 
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Selective thermal effects with pulsed irradiation from lasers: 
from organ to organelle. 

Parrish 3A t Anderson RR, Harris* T, Paul B, Murphy GF. 

Specific damage by selectively absorbed, pulsed lasers can 
be predicted based on physical models. Thermally mediated 
alterations can be confined to pigmented targets from the 
level of subcellular organelles (e.g., melanosomes) to large 
multicellular tissue structures (e.g., blood vessels) by the 
appropriate manipulation of wavelength and pulse duration. 
Highly selective damage to human cutaneous microvessels 
in vivo is shown to occur after 0.3-microseconds 577-nm 
dye laser pulses; the epidermis and derma! structures other 
than vessels are spared. Observations in an animal model 
suggest that hemorrhage or, at lower doses, selective 
intravascular coagulation and permanent microvascular 
hemostasis occur. Highly selective damage to melanized 
cells and to single melanosomes in situ was shown to occur 
after single 20-ns 351 -nm pulses from a XeF excimer faser. 
Basal-cell- and melanocyte-specific necrosis is followed by 
gross hypopigmentation. In this case there is no evidence of 
vascular damage. The most likely modes of selective 
alterations include localized thermal denaturation f 
vaporization, and shock-wave generation. Means of 
predicting and controlling histologically selective radiant 
heating effects in skin are suggested. 

PMID: 6854059 (PubMed - indexed for MEDLINE] 
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Selective photothermolysis: precise microsurgery by 
selective absorption of pulsed radiation. 

Anderson RR, Parrish JA. 

Suitably brief pulses of selectively absorbed optical radiation 
can cause selective damage to pigmented structures, cells, 
and organelles in vivo. Precise aiming is unnecessary in this 
unique form of radiation injury because inherent optical and 
thermal properties provide target selectivity. A simple, 
predictive model is presented. Selective damage to 
cutaneous microvessels and to melanosomes within 
melanocytes is shown after 577-nanometer (3 x 10<-7) 
second) and 351-nanometer (2 x 10{-8) second) pulses, 
respectively. Hemodynamic, histological, and ultrastructural 
responses are discussed. 

PMID: 6836297 [PubMed - indexed for MEDLINE] 



Related Articles 

Selective tfierniai effects with pulsed 
irradiation from lase-s. from organ to 
orga nelte . f j invest Dermatol- .1983] 

Ncn-invasiva laser microsurgery 
selectively carnages pop u!at ions of 
labeled mouse neurons; dependence on 
incident laser dose andfetafprRfeSP3988! 

Melanin granule models for trie 
processes of iaser- induced thermal 
damage in pigmented retinal tissues. !. 
Modeling of laser-induced nealing of 
melanosomes and selective therm? I 
processes in retinal (MMfth Biol. 20071 

Ex vivo quality-switched ruby laser 
irradiation of cutaneous rnelanocytie 
lesions: persistence of S-10G-, HMB-45- 
anc rvl2sson-positivsi5i§H««tc»kx:v. 2997] 

Selective targeting of trabecular 

mesh work cells: in vitro srudies of pulsed 

and CVV i3ser interaclgj^ye Res. 1995] 

» See all Related Articles.. 



Display AbstractPlus 



Show 20 



Sort By 



Send to 



Wrice to the Help Desk 
NCBf | NLM| NIH 
Department of Health & Human, Services 
Privacy Statement | Freedom of Information Act| Disclaimer 



httD://^AVW.acbi.nim.nih.eov/Dubmed/6836297 

/C77CC/7I7 



7/1/2008 

n iAi Aer Ae/uew jh dtGun ro in mr 



